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SUMMARY

A seriesoftestsweremadecanparing
similarcompressorbladesofAISItype403
Eighth-stageJ47andJ65ccmrpressorblades

themechanicalpropertiesof
stainlesssteelandthermenol.
ofeachmaterialweretested.

Comparisoninbendingandtorsionaldeflectiontestsshowedthermenol
tohavea modulusofelasticityofabout26X106anda m@ulusofrigidity
ofabout9X106.

m Thethermenolbladeshada logarithmicdecrementofdsmpingof3.35
percentccmparedwith4.9percentforstainlesssteel.Thedsmpingmeas-
~ementsweremadeusingtheresonantpeakmethodat stressescloseto

* thefatiguelimitofthematerials.

Thethermenolbladesshowedno surfacecorrosiondueto exposureto
a saltsprayforabout30hours,whereasthestainless-steelbladeswere
badlyrustedandpitted.Thethermenolbladesexhibitedfatiguestrength
equalto orhigherthanthestainless-steelbladesbothbeforeandafter
beingstijectedtoa saltspray.

INTRODUCTION

Inthesearchforgreaterefficiencyandreliabilityinjet-engine
ccunpressors,newmaterialsarebeingsoughtconstantly.Stainless-steel
bladesarein ccunnonusebecauseoftheirdesirabledamping,corrosion-
resistance,andfatigue-strengthproperties.Whereexcitingforcesand, “
hence,tibratorystressesarelowandthetemperatureismoderateas in
themiddlestagesoftheccqressor,al.tinumandaluminw-bronzeblades
havebeenusedtoadvantagebecauseoftheirlightweight.Titaniumhas
desirablequalities,particularlylightweight,butithasbeenusedonly
toa limitedetient,becauseofitshighcost.Highdagpingandlow

● weightarealsoavailableinbladesmadeof fiberglasshxpregnatedwith
plasticresins.
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Thereareseveralessentialproperties.thata compressorblademust
possesssuchashighfatiguestrength,highdsmping,highimpactstrength,
resistanceto corrosion,lowdensity,easeof fabrication,andavailabil-
ity. BladesaresUbjectedtovibrato~forcesthroughmostofthespeed
rangeoftheengine.Towithstandtheseforcesthebladesmusthavea
combinationof sufficientfatiguestrength.~ddamping.Ifthematerial,
dsmpingishigh,thevibratorystressesarekeptlowanda lowerfatigue
strengthwill.suffice.Bladesmustbe resistanttm corrosionbecauseof
thehugequantitiesofairthatpassthroughtheengineandimpingeon
theblades.Ofparticularinterestinthisrespectarenavalaircraft
usedinregionswheresaltsprayisprevalent.Theimportanceoflow
density,easeof fabrication,andavailabilityis self-evident.Somede-
greeof impactstrengthisnecessarybecauseoftheever-presentdanger
of foreignobjectsenteringthecompressor...Bladesmustbe capableof
sustainingdamageintheformofnicksanddentswithoutfailing.

Inthepast3 yearsa considerablesmountofinteresthasbeenshown
inthethermenolalloys.Thermenolisthensmeassignedby theU.S.Naval
OrdnanceLaboratoryto iron-basealloyscontainingnominally10to M
percent&luminumand2 to 4 percentmolybdenwn.Itwasoriginallydevel-
opedforuseintransformercoresbecause@’itsdesirablepermeability
propertiesandgoodhigh-tenqyxatwe.corros$onresistance.Becauseof
itscorrosionresistance,lowdensi~,andsaneotherdesirablefeatures,
ithasbeenconsideredasa compressor-bladematerial.Considerabledata
areavailableOrithestrengthpropertiesofthermenol(refs.1 and2).
However,allthesedatawereobtainedusinglaboratoryspecimens.Ex-
periencehasshownthatwhenan alloyis formedintoa workingshapeits
strengthcharacteristicscanchangeconsiderably.Thiscanbe dueto
manyeffectssuchas geometryandworking.-Therefore,thetestsmadein
thisinvestigationusedconventionalccmrpressorrotorblades.It is the
purposeofthisinvestigationto compareme,@anicalpropertiesof can-
pressorbladesmadeofAE31type403stainlesssteel,whichisoneof
themostcammonccmrpressor-bladematerials,withthoseofthermenol.
Thisstudycomparesdamping,fatigue,fatigueafterbeingsubjectedto
saltspray,bendingandtorsionaldeflection,andtensilestrength. -

SYMBOLS

d deflection

E modulusofelasticity

F(k) tictionofpolarmomentofinertia.

f(I) functionofmomentofinertia

+’p frequencyatpeakamplitude
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G modulusofrigidity

n widthofresonantcurvein cyclesat 0.707X peakamplitude

P load

Q torque
+4~ 5 logarithmicdecrement

e angle oftwist

Subscripts:

s steel

t thermenol

APPARATUSANDPRWEDUIUZ

. Twotypesof cmpressarotorbladessuppliedby theU.S.Navywere
used,J65andJ47,andbothtypeswereficxntheeighthstage.In order
to determinethesuitabilityofthethermenolbladestheywerecmpared

● inalltestswithstandard-prcxiuctionAISItype403stainless-steel

Bending

Thetipofthetestbladewas
ladedwithweights.A steelball

Deflection

deflectedby means
fomed thebesring

ofa pushrod
pointbetween

rodandblade.Thebladewasdeflectedsoas to imposecanpression
theconcavesideoftheblade.WeightsficxnO to30poundsat l-pound

blades.

the
on

incrementswereused,andthedeflectionwasmeasuredusinga dialin-
dicator.Inaddition,thestressat thepointofma-m thiclmesson
theconvexsideat thebaseofthebladewasmeasuredwitha resistance-
wirestraingage.

Theformulaforthedeflectionat thetipofa cantileverbladeof
arbitrarydistributionofmcxnentof inertiaalongthespanandwitha
concentratedlcmlat thetipis

9

d
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where f{I)isa functiondependingonthe.distri.butionofmomentofine-
rtia alongthespan.Comparingthedeflect~onsobtainedforthesteel ‘4
bladeswiththosefrcmthethermenolblades-andassmingthemanentof
inertiadistributionstobe thesamegavethefollowingexpressionfor
themodulusofelasticityofthethermenolbladeintermsoftheknown ~
modulusofelasticityofsteel:

The
403

the

valueobtainedfrcm
stainlesssteelwas

‘E
‘t=% s

theliteratureforthemodulusofelasticityof
28X106psi.

.-” —

TorsionalDeflection

Thetipofthebladewasfittedwitha clanpthatwasformedto fit
crosssectionofthebladeatthetipandthatwassupportedatthe

appro-te centeroftorsionby a ball.be~ingtopreven;-thebladefYom .
bending(fig.1). A torsionalleverarmanda pointerwereattachedto
theclamp.SeveraltorqgesrangingfromO..to4.5foot-poundswereapplied
bY ~%~ ~ightsontheleverarm. ~ deflectionwereobtained
usingthepointeranda fixedscale. ..

Theformulafortheangleoftwistofa cantileverbladeduetoa
momentatthetipis

where F(k)isa functionof
angulardeflectionsobtained

thepolarmomentofinertia.Comparingthe
fic$nthesteelbladeswiththosefranthe

thermenolbladesandassumingthefunctionsofpolar
be thessmeyieldedthefollowingexpressionforthe
ofthethermenolbladeintermsoftheknownmodulus

(36
%=Gs~

manentof inertiato
modulusofrigidity
ofrigidityof steel:

Thevaluefromtheliteratureusedforthemodulusofrigidityofthe
steelbladewas G = KDCL06psi. .—

Inorderto obtaindampingvaluesat stressesclosetothefatigue
limit,theresonantpeakmethodwasused. Inthismethod,advantageis
takenofthefactthatthewidthoftheresonantpeakisproportionalto
thedamping.Logarithmicdecrementvariesdirectlywiththefrequency
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rangeoftheresonantcurveat 0.707X peaksnplitudedividedby thefYe-
“J quencyatpeaksnplitude.Thebladewasexcitedinitsfundamentalbend-

ingmodeusinganairinterrupter.Theairinterrupterconsistedofa
diskwith18equallyspacedholesaboutitsperiphery.Thediskwasro-
tatedby an electricmotorwithelectronicallycontrolledspeed.A high-
-pressureairjetwasarrangedto impingeonthetipofthebladeperpen-
diculartothebladefaceafter~ssingthroughtheperipheralholesin
thedisk.Resonsmcecurveswereobtainedatpeakstressesrangingfrcm
about&.0,000psiup to thefatiguelimitofeachmaterial.Stresses
weremeasuredwithresistance-wirestraingages,andvibratoryfrequency
wasmeasuredwithan electroniccounter.

Theformulaforlogarithmicdecrementis

8=:

Fatigue

Thebladeswereexcitedintovibrationwitha high-pressureairjet.
Thejetnozzlewasaimedatthetipendofthebladeparalleltothe
longitudinalbladeaxis. Sinceonlya limitednumberofbladeswere
available,eachbladewasstartedata safestresslevel.When108
cycleswereccmpleted,thestresswasraised3,000to5,000psiby in-
creasingtheairpressureandthefatiguetestwasrepeated.W this
waytheendurancel~t wasappromtely established.A fewblades
weretestedat singlestressesabovetheendurancelimitin ordertoes-
tablishtheS-Ncurve.

Salt-WaterCorrosion

OneJ65bladeofeachmterialandtwoJ47bladesofeachmaterial
weresubjectedtoa salt-watermistbeforebeingtestedin fatigue.Two
smallatmnizerjetswerearrangedto spraytheblade&cm bothsidesat
approximatelymidspan.In orderto simulatesea-waterconditions,sea
salt,as usedinmarineaquariums,wasaddedto thewateruntilthespe-
cificgravitywas1.02to 1.03.Thewholeunitwasconfinedina glass
tankinorderthatthewatercouldbe collectedandreused.Eachblade
wasrunapproxhately24to 32hoursinthespraytank.

TensileStrength

* Oneflattensilespecimenwascutfromeach
blades.Eventhoughefiremecarewastakenwhen
manysurfacecrackscouldbe observedina zyglo

J

oftwoJ65thermenol
grindingthes~ecimens,
test(fig.2). The

---

-—
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specimenswerepulledina conventionaltensilemachine,andstrainswere
measuredwithresistance-wirestraingages..Theendswere@?ippedin
sucha waythatbendingofthespecimenwaske@ toa minimum. Q

RESULTSANDDISCUSSION

Theflexualstrengthofa thermenolblade
flexuralstrengthofa steelbladeinfigure3.

%
!’-P

isccmrparedwiththe
Themodulusofelastic-

ityofthethefienolbladeswascalculatedonthebasisofthesedatato
be about~ = 26X106psi.

Thetorsionalstiffnessofthermenolbladesisccqparedwiththt
of steelbladesin figure4,andthemdul.usofrigiditywascalculated
onthebasisofthiscomparisontobe about Gt= 9.0X106forthether-
menolblades.

Figure5 showsthatat allstressesfrom20,000to 60,000psithe
AISItype403stainless-steelbladeshavehigherdampingthanthether-
menolblades.At 56,500psithesteelbladeshad4.9percentdsmping
conpredwith3.35percentdampingoftheLthermenolblades.

An S-Ndiagramispresentedinfigure6. Manymorespecimenswould
havetobe testedinfatigueinordertopresentan accurategroupof .
curvesbecauseofthespreadinherentinfatiguedata.However,some
definiteconclusionscanbe drawnfrc.mfigure6. Ofthetwogroupsof
thermenolblades,theJ47bladesweredefinitelysuperior.Metallo- *
graphice=nations madeonspecimensfrcmalmostallthebladesshowed

—

threedistinctreasonsforthissuperiority:

(1)

(2)

(3}

The

TheJ47bladesexhibitedelongatedgrainsindicatingmorecold
work.

TheJ47bladesexhibitedsmallergrainsize.

Therewasevidenceof slightlymoreprecipitation.

J47thermenolbladesshowedequalfatiguestrength(82,~0psi)
whencomparedwiththeJ47steelbbdes. TheJ65thermenolbladesshowed
a fatiguestrengthof58,000psi. TheJ65steelbladeswerenotincluded
becausetheywereofinferiorquality;therewerechordwisetoolmarks
at thebaseofthebladesdueto finishing,andtheyfailedwithoutex-
ceptionatthelocationofthetoolmarksatlowstresses. ..- —

Itispossibletomanufacture403stiinless-steelbladeswithfa-
tiguelimitshigherthan58,0C0to 60,000psi. Withproperheat-treating
methods,fatigueltiitsontheorderof90,000psicsmbe realized.It

#

canbe assumedthatthefatiguelimitofthermenolmightlikewisebe
:Wi
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‘d tiprovedas evidencedby thedifferencebetween
blades. However,thedsmpingmightbe lowered,
arilybe desirable.

7

theJ47andJ65thermenol
whichwouldnotneces-

Afterbeingsubjectedtoa saltsprayfor24to 32hourstherewas
no corrosionevidentonthesurfaceofthethermenolblades,whereasthe
403stainless-steelbladeshadlargerustspotsonthem. Figure6 shows
thatthethermenolbladeslostlessstrengththanthesteelblades.

Thetensiletestsshowedthattheultimatestrengthof onespecimen
was77,CKM2psiandofanother91,000psi. Thesetensiledataareprob-
ablylowindicationsofthematerialpotential,sinceifthemanysurface
crackswereeliminatedtheultimatetensilestrengthshouldrise. Ex-
trenecaremustbe takenwhencuttingorgrindingthermenol.Manyshal-
lowcutsmustbe mde toavoidtheuacks shownin figure1. However,
severalspecimenshavebeengroundsinceforanotherseriesoftestsand
no cracks-wereevident.Therefore,thematerialcanbeworkedifproper
precautionsaretaken.

SUMMARYOFRESULTS

Thermenol AISItype403
stainlesssteel

Modulusofelasticity 26X106 28xlo6
Modulusofrigidity 9XL06 10XLO6
Damping- logarithmicdecrement 3.35Percent 4.9Percent
(56,500psi)

FatiguelimitJ65 58,000
FatiguelimitJ47 82,0~ 82>000
Corrosionof surfaceby saltspray None Rust
Fatiguestrengthof sprayedbladesThermenolsuperior
(averageoftwoJ47blades) to steel

Tensilestrength(ultimate)for 77,000and91,0~
twospecimens psi

ThermenolisinmostrespectsequaltoAISItype403stainlesssteel
as a compressor-bladematerialandina fewrespectsit is superior,but
itis tiferiorin dampingcapacity.Thelowerdensityandsuperiorcor-
rosionresistancemakeita verydesirablematerialforpossibleusein
compressorblades.

9
LewisFlightPropulsionLaboratory

NationalAdvisoryC!amitteeforAeronautics
Cleveland,Ohio,August9,1957
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Figure1.-Partiallyexplodedsohematicdraw3ngoftorsiontestapparatus.
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